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Electroluminescence from amorphous silicon carbide helerojunctions under 
reverse biased conditions 
F. Alvarez, H. L. Fragnito, a.nd L Chambouleyron 
Instituto de Fisico, Unicamp, C. P. 6165 Campinos, sao Paulo, 13081, Brazil 
(Received 11 May 1987; accepted for publication 24 August 1987) 
The emission of visible radiation from reverse biased amorphous silicon carbide p-i-n junctions 
at room temperature was observed. The heterostructures were made by successively depositing 
boron-doped amorphous silicon carbide-intrinsic amorphous silicon carbide-phosphorous 
doped amorphous silicon on to indium-tin-oxide coated glass, The optical gap of the p, i, and n 
layers were 2.0,2.25, and 1.7 eV, respectively. The reverse current producing the radiative 
emission is mainly due to a field-enhanced thermal injection mechanism. At low-current 
densities the total light emitted is proportional to the fifth power of the injected current. At 
higher injections, however, it becomes quadratic. These power law dependencies are 
interpreted in terms of electron recombination with trapped holes and band-to-band 
bimolecular recombination, respectively. 
In 1976 Pankove and Carlson reported the first observa-
tion of near-infrared electroluminescence at 78 K from for-
ward biased hydrogenated amorphous silicon (a-Si:H) bar-
riers produced by glow discharge.! Later, Su Lim, Kanagi, 
and Takahashi reported electroluminescence from a-Si:H 
solar cells at room temperature.2 These results encouraged 
researchers to look for a wider band-gap amorphous materi-
al emitting in the visible part of the spectrum rather than in 
the infrared. Due to their luminescent properties together 
with the valence controllability and band-gap tailoring, sili-
con carbide and nitride were the main candidates.3 ,4 Recent-
ly Kruangam et al. fabricated p-i-n amorphous silicon car-
bide thin-film diodes emitting visible light at room 
temperature under forward bias.5•6 
In this communication the visible emission at room tem-
perature from a reverse biased p-i-n silicon carbide hetero-
structure is reported. The process of carrier injection as well 
as the kinetic of the recombination were studied. From these 
studies it was deduced that tunneling and Frenkel-Poole are 
the main injection mechanism at low and room temperature, 
respectively. The light emitted by the devices could be ob-
served with the naked eye in a darkened room. Also, for 
forward biasing, the devices emit in the near infrared. This 
work, however, will deal mainly with the experimental re-
sults obtained from reverse biased junctions. 
The junctions were made by successively depositing bo-
ron-doped amorphous silicon carbide a-SiCx :H:B (150 A.) / 
intrinsic amorphous silicon carbide, a-SiCx:H (500 A.)/ 
phosphorous doped amorphous silicon, a-Si:H:P (300 A.) on 
an indium-tin-oxide coated glass. The deposition system was 
a standard capacitiveiy coupled glow-discharge reactor. The 
rf power was 2 Wand the thickness of the layers was estimat-
ed from the deposition rate. The optical and electrical prop-
erties of the layers were obtained by characterizing similar 
films of - 1 jJ,m thickness. The material was doped introduc-
ing minute amounts of phosphine or diborane during the 
discharge. The intrinsic layer was obtained by the decompo-
sition of a gaseous mixture of (CH4 )/(SiH2 + CH4 ) = 0.2 
producing a material of 2.25-eV optical gap. The gap is de-
fined by the extrapolation of the high absorption part of a 
Tauc's plot,7 The emitted radiation comes out from the de-
vices through the p layer which has a 2-e V optical gap. The 
back contact was made by the thermal evaporation ofO.Ol-
or O.05-cm2 aluminum dots on the n-type layer. 
Visible emission was only detected for reverse applied 
voltages V, greater than 4 V. Figure 1 shows the room-tem-
perature emission spectrum as observed through the p-Iayer 
side of the device. The spectrum was measured using a 100-
Hz square-wave bias, narrow-band interference filters (band 
pass, 50 A.), an S-20 photomultiplier, a standard-phase sen-
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FIG. l. Room-temperature electroluminescence vs photon energy from a 
reverse biased p-i-n diode. The gaseous mixture used during the deposition 
of the intrinsic layer was (CH4)! (CH4 + SiH4 ) = 0.2. The optical gap and 
the fuli width at half maximum are indicated. 
sitive detection system, and a current of 1 AI cm2• This broad 
spectrum peaks at ~ 1.91 eV and its full width at half maxi-
mum is -0.5 eV. The curve has a long tail extending up to 
2.6 eV suggesting that some carriers are injected wen above 
the optical gap. Since there is reabsorption in the i layer 
(2.25 eV) and attenuation in the player (2.0 eV), the high-
energy tail of the actual spectrum may be greater than the 
indicated in Fig. 1. Also, it is noted that substantial emission 
occurs below the optical gap, suggesting that before recom-
bining most of the injected carriers thermalize into tail 
states. 
In the attempt to determine the mechanism of carrier 
injection, measurements of current versus voltage at differ-
ent temperatures were performed. At 200 K a linear behav-
ior oflog(JyIV;) vs V,- I was observed, which is character-
istic of a tunneling mechanism for current flow. g Additional 
evidence of the dominance of tunneling is provided by the 
weak experimentally observed dependence of current on 
temperature. Also, since the energy band gap decreases with 
increasing temperature, a positive change of the tunneling 
current with temperature was found, as expected. At room 
temperature, however, the experimental results are better 
represented by log(JrIVr ) vs V;12 consistent with a Fren-
kel-Poole mechanism of carrier injection (see Fig. 2). 8 
The forward current at room temperature is well repre-
sented over four decades of the variation of the injected cur-
rent (0 V < V, < 2 V) by II = Js exp(qVtlnkT), where 
Js = 0.1 nAlcm2 and n = 3 are the saturation current and 
quality diode factor values, respectively. The large excursion 
of Jf shows that the poi and n-t interfaces are good carrier 
injectors. The large value of n together with the observation 
of near-infrared emission at forward bias suggest the exis-
tence of different recombination paths near the interfaces. In 
other words, since in amorphous materials, the carriers rely 
on field-assisted transport. for moderate forward applied 
voltages the thermally injected carriers must move into the i 
layer mainly by a diffusion mechanism. The small diffusion 
length. of the carriers, however, prevents them from moving 
deeper into the i layer, recombining through shallow centers 
and emitting near-infrared radiation. Conversely, for reverse 
applied voltages, the range of carriers (p,rF) is large enough 
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FIG. 2, Log(J,IV,) vs V!-/2 at room temperature, whereJ, and V, are the 
reverse current and voltage, respectively. These results are indicative of a 
Frenkel-Poole process. 
to allow the electrons and holes to travel far from the poi and 
n-i interfaces. Here.u and r are the drift mobility and recom-
bination time, respectively, and F is the electric field. 
At room temperature the global emission (Le., nonspec-
traUy filtered) E as a function of J, is found to be well repre-
sented by E-J~, where y is an exponent that depends on 
current level. For currents ranging between 0.3 to 1.0 AI cm2 
(that correspond to 4 V < Vr < 10 V), the exponent is - 5 
and for higher currents (corresponding to 10 V < Vr < 15 
V), y-2. For high currents, a quadratic dependence is ex-
pected in a process following a bimolecular recombination 
kinetics, consistent with a double-carrier injection mecha-
nism. The results for the low-current regime, however, is 
rather surprising. The rapid growth of E with J f could be 
interpreted borrowing the concepts of the model proposed 
by Rose to explain the supralinear behavior of the photocon-
ductivity in some insulators.9 At low current, the quasi-Fer-
mi levels for electrons and holes enclose the recombination 
centers lying near the middle of the gap and having a relative 
small capture cross section for electrons. As the current in-
creases, the quasi-Fermi levels move closer to the valence 
and conduction band, respectively, embracing a new type of 
hole traps that are assumed to have a larger capture cross 
section for electrons. In the case of the photoconductivity, 
however, the incorporated centers are assumed to have a 
smaller capture cross section for electrons, and thus increas-
ing the electrons lifetime. At higher currents, when all the 
defects act as recombination centers, the process saturates 
and the bimolecular mechanism becomes predominant. 
Summarizing, visible radiation has been observed, at 
room temperature, from reverse biased amorphous silicon 
carbide p-i-n heterostructures. A broad spectrum which 
peaks at ~ 1.91 eV and extends up to 2.6 eV was observed, 
suggesting that some carriers are introduced wen above the 
optical gap. Current versus applied voltage characteristics 
below 300 K show that the carriers are introduced mainly by 
a tunneling mechanisms. At room temperature, however, 
the current versus voltage behavior is a combination of field-
enhanced and thermal carrier process. The integrated light 
emission versus reverse current follows a power law with 
exponent - 5 at low current and it falls to - 2 at higher 
reverse currents. These power law dependencies are inter-
preted in terms of electron recombination with trapped holes 
and band-to-band bimolecular recombination, respectively. 
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FU1.1SSS formation in the multilayer geometry: Explosive reaction versus 
nucleation .. controned kinetics 
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(Received 13 July 1987; accepted for publication 17 August 1987) 
Rh4Sis formation occurs by two different mechanisms, depending on the film geometry. 
Thermal annealing of a Rh film en a silicon substrate results in the formation of Rh4Sis at 
about 850·C by a process described as "nucleation controlled." Alternatively, when the film 
consists of thin Rh/Si multilayers, Rh4Si,; can form at room temperature in a very rapid, self-
sustaining fashion that is the chemical-reaction analog of the explosive crystallization process. 
This mechanism of explosive silicide formation, reported recently for the first time [J. A. 
Floro, J. Vac. Sci. Technol. A 4, 631 (1986) J, apparently occurs in the multilayer geometry 
due to the large driving forces and reduced diffusion lengths associated with this configuration. 
The discontinuous formation of Rh4Si~ during thermal 
annealing of a Rh/Si bilayer couple has been attributed to 
the existence of a large thermodynamic barrier to the nudea~ 
tion of this phase. I •2 Recently, this "nucleation-controlled" 
process, which is observed in a variety of met all silicon cou-
ples, was demonstrated to be mathematically equivalent to 
the explosive crystallization of amorphous films. 3 This for-
mal equivalence is not obvious since the two kinetic mecha-
nisms are physicaHy quite different A true explosive trans-
formation-be it crystallization or chemical reaction-is 
extremely rapid, requires the release of a large latent heat, 
and is kinetically governed by heat flow. On the other hand, 
nucleation~controned silicide formation requires small la-
tent heats, is five to seven orders of magnitude slower than an 
explosive process, and has a growth rate determined by 
atomic diffusion to the nucleated phase. This communica-
tion will show that Rh4Sis, which forms by nucleation-con-
trolled kinetics during thermal annealing of a Rh/Si bilayer, 
will instead form by a true explosive process if the Rh/Si cou-
ple is deposited in multilayer form. 4 To demonstrate this, it is 
first necessary to discuss in more detail the theories of explo-
sive crystallization (EC) and nucleation-controlled kinetics 
(NCK). 
Explosive crystallization of amorphous films has been 
observed in a variety of systems. 5-11 EC can be stimulated in 
these systems by mechanical impact with a sharp stylus or by 
pulse laser heating. Once initiated, a crystallization wave 
front can propagate away from the initiation point at veloc-
ities on the order of 1 m! s. For this process to be self-sustain~ 
ing, the latent heat released at the phase boundary must be 
sufficient to induce crystallization of the adjacent region.7 
EC is thus governed by heat fiow from the moving boundary. 
Films that have undergone EC often exhibit wavy surface 
morphologies, the waviness corresponding to periodic varia-
tions in the film thickness. 8 The wave crests form concentric 
rings centered on the initiation point. This morphology has 
been treated theoretically by matching solutions of the ther-
mal diffusion equation, applied to the moving boundary 
problem, to the physically possible interfacial growth veloc-
ities. 12 Linear stability analysis of these solutions shows that 
an oscillatory instability can take place in which the interfa-
cial temperature and velocity vary periodically in time. It is 
these oscillations that give rise to the periodic surface undu-
lations. In the case where thermal conduction losses to the 
substrate are small, the wavelength of these undulations is 
given by12 
(1) 
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